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Therefore, TCD and NIRS measurements during the Oxford maneuver are apparently discrepant. Figure 1 , provided for purposes of clarification, shows representative TCD and NIRS tracings during the modified Oxford maneuver. If the decrease in CBFv after SNP indicates a decrease in oxygenated arterial inflow (⌬Q a ), one would expect a decrease in cerebral HbO 2 in the region of perfusion. Instead, NIRS HbO 2 as well as THb increase. Conversely, if the increase in CBFv after PE indicates an increase in oxygenated ⌬Q a , one would expect an increase HbO 2 in the region of perfusion. Instead, NIRS HbO 2 and THb decrease, as shown in Fig. 1 . We hypothesized that a transient increase in ⌬Q a via the MCA occurs during systemic SNP administration because MCA dilation occurs and accounts in large part for the increase in HbO 2 and THb despite a reduction in CBFv. Conversely, we hypothesized that, despite an increase in CBFv, a transient decrease in ⌬Q a via the MCA occurs during systemic PE administration because MCA constriction occurs during the modified Oxford maneuver.
These hypotheses follow from considerations of CBF regulation by systems comprising myogenic, neurogenic, and metabolic controls (9) at intrinsic (intracerebral) and extrinsic (extracerebral) levels. Intrinsic regulation takes place at the level of penetrating intracerebral vessels that form a neurovascular unit comprising the artery, NO-releasing nitrergic neurons, GABA-releasing interneurons, and glutamatergic pyramidal cells interacting with astrocytes apposed to the arterial adventitia (17) . Intrinsic neurovascular coupling ensures that vasomotor activity remains synchronized to neuronal metabolic demands (16) . Extrinsic regulation takes place at the level of extracerebral blood vessels, including pial and cerebral conduit arteries. These receive sympathetic nerves containing norepinephrine, ATP, and neuropeptide Y from the superior cervical ganglion, parasympathetic nerves containing NO, ACh, pituitary adenylate cyclase-activating polypeptide, and vasoactive intestinal polypeptide from the sphenopalatine ganglion, and trigeminal nerves that contribute neurokinins, serotonin, and calcitonin gene-related peptide (10) . Extracerebral blood vessels are also further vasoregulated by substances crossing the blood-brain barrier, including endothelin-1 and endothelial NO (6) .
Thus, NO contributes to both intrinsic and extrinsic CBF regulation. Endogenous or exogenous NO might be supposed to produce cerebral vasodilation at both intrinsic and extrinsic levels. This supposition is supported by literature showing NO-dependent dilation of all vessels, including conduit arteries (33) , in primates (23, 30) and humans (35) . Given the ease with which NO crosses the blood-brain barrier, a NO donor, such as SNP, should dilate all cerebral arteries regardless of size and independent of BPs changes.
Dilation of the MCA can explain the discrepancy between CBFv and NIRS measurements during the modified Oxford maneuver. TCD measures relative changes of CBFv in the MCA. Its utility depends on several assumptions: that peak velocity represents mean velocity and that the cross-sectional area (Area) of the vessel is constant along the MCA (such that blood flow ϭ mean CBFv ϫ Area), and thus changes in CBFv accurately reflect changes in flow. These assumptions have received support in experiments examining moderate orthostatic stress and changes in end-tidal CO 2 (31) but may not be valid under other conditions (36) . If Area increases sufficiently, then a fall of CBFv can occur during an increase in MCA inflow. If Area decreases sufficiently, then a rise of CBFv can occur during a decrease in MCA inflow.
To investigate our hypotheses, we derived equations to show that the conservation of mass applied to NIRS-measured HbO 2 and THb quantifies changes of inflow and outflow from the NIRS-illuminated sample volume during the modified Oxford maneuver.
MATERIALS AND METHODS

Subjects
To test these hypotheses, we recruited 12 healthy volunteer subjects (6 men and 6 women) aged 18 -24 yr. Subjects reported no clinical illness and had never fainted or suffered other forms of orthostatic intolerance. Exclusionary criteria for participation in this study included any infectious or systemic disease (including cardiovascular disease), competitive athletic training, and use of any medications or nicotine. Subjects were instructed to refrain from caffeine and xanthine-containing products for at least 72 h before the tests. All subjects were instructed to fast overnight before the tests. The study was approved by the Institutional Review Board of New York Medical College. All subjects provided informed consent.
Instrumentation
Subjects arrived at our center at 9:30 AM. Subjects were instructed about the procedures and were instrumented while supine. An intravenous catheter was placed in the left antecubital vein. Beat-to-beat BP was measured with a Finometer (FMS, Amsterdam, The Netherlands) on the forefinger or middle finger calibrated to the brachial artery. TCD (Multigon, Yonkers, NY) insonated the right MCA, and the signal was optimized for depth and signal strength. A custom headband held the 2-MHz probe in place over the right temporal window. Respiratory plethysmography (NIRS Respitrace, Miami Beach, FL) measured changes in respiration. We used a combined capnograph and integrated pulse oximeter (Smith Medical PM, Waukesha, WI) to measure end-tidal CO 2 and arterial O2 saturation (Sa). An ECG measured heart rate from the beat-to-beat cardiac electrical intervals.
In addition to TCD, we used a continuous-wave spatially resolved near-infrared spectrometer (Oxymon MKII, Artinis) to monitor changes in HbO 2 and deoxyhemoglobin (Hb) over a volume of cerebral tissue throughout the protocol. The theoretical underpinnings of this method have been well described in the literature (21) . Subjects were instrumented with an emitter and a detector pair of NIRS probes on the forehead over the right frontal cortex to monitor absorption of light across the cerebral frontal area that is primarily perfused by the MCA (28) . The spacing between optodes was 4.5 cm, and headset sizing and placement were adjusted to ensure optimal signal fidelity strength for each subject during each trial. Spatial resolution insured that only infrared signals from the brain were analyzed and cutaneous signals were excluded. The sampling rate of the Oxymon was 50 Hz, and an integrated digital-toanalog convertor provided a reconstructed analog signal. The modified Beer-Lambert law was used to calculate micromolar changes in tissue HbO 2 and Hb across time using optical densities from near-infrared light at 780 and 850 nm. We used published differential path-length factors for each subject (5) . Although illuminated cerebral volume may differ from subject to subject, the assumption is made that the same volume of the cerebrum is illuminated for a particular subject throughout a protocol performed on a given day. Changes in THb were also obtained by adding changes in HbO 2 to changes in Hb so as to index changes in blood volume within the illuminated brain volume. Since only changes in Hb and HbO 2 could be measured, the averages of HbO2 and Hb during quiet rest defined the resting baseline. Measurements were made in the dark with optodes shielded from light. It was assumed that changes in TCD CBFv correspond to changes in the flow velocity of conduit vessels feeding the volume of NIRS illumination.
All analog signals were digitized at 200 Hz with custom signalprocessing software and analyzed offline.
Protocol
Response to bolus SNP followed by bolus PE. We tested the hypothesis that dilation of the MCA occurs with SNP, whereas constriction occurs with PE. After instrumentation, subjects remained supine for 30 min to acclimate. Data were recorded throughout a 10-min supine baseline period. An intravenous bolus injection of 100 g SNP was followed 1 min later by an intravenous bolus injection of 150 g PE ( Fig. 1 ) with continuous recording. This constitutes the modified Oxford method (29) used for baroreflex assessment. SNP first decreases arterial pressure by ϳ15-25 mmHg below baseline, and PE subsequently increases arterial pressure by ϳ15-25 mmHg above baseline. Microvascular changes in the cerebral concentration of hemoglobin was measured by NIRS; MCA blood flow velocity was measured by TCD. The modified Oxford method was performed in duplicate for each subject with a resting period of at least 30 min between each series of bolus injections.
Methods of Analysis
Arterial pressure and CBFv. Mean arterial pressure was calculated from systolic BP (SBP) and diastolic BP (DBP) as follows: mean arterial pressure ϭ 1/3 ϫ SBP ϩ 2/3 ϫ DBP. Mean CBFv was calculated from systolic CBFv and diastolic CBFv as follows: mean CBFv ϭ 1/3 ϫ systolic CBFv ϩ 2/3 ϫ diastolic CBFv and was verified by multibeat time averaging. 
Similarly, by applying mass-balance considerations to HbO 2 and Hb, we can obtain the following:
The change of HbO2 (in mol·kg tissue Ϫ1 ·s Ϫ1 ) within the sample volume is equal to the difference between the amount of HbO2 entering and the amount of HbO2 leaving the sample volume minus the cerebral metabolic O2 consumption-the rate of conversion of HbO2 to Hb. Sv is venous saturation and CMRO2 is the cerebral metabolic rate of O2 consumption within the sample volume of tissue interrogated by NIRS (22) .
The change of Hb (in mol·kg tissue Ϫ1 ·s Ϫ1 ) within the sample volume is equal to the rate of conversion of HbO2 to Hb by metabolism added to the amount of Hb entering minus the amount of Hb leaving the sample volume, as follows:
These three equations are redundant in that any one equation can be calculated from the other two equations. We will therefore focus on THb and HbO 2 balance.
We assume that CMRO2 remains constant throughout drug administration (26) . If Sa and Sv are known, we can calculate the change in Qa and Qv.
At baseline, on average, hemoglobin concentration does not change, i.e., both THb and HbO2 are constant, and their derivatives equal zero. Thus, from Eq. 1, Qa0 ϭ Qv0, where subscript 0 denotes baseline. Equation 2 at baseline yields the following:
Since CMRO2 remains constant during transients, substitution for CMRO2 in Eq. 2 yields the following:
The literature indicates that S v is unchanged by bolus administration of SNP and PE (1, 12) . Also, we found no measureable changes in Sa during the Oxford maneuver; therefore, Sa ϭ Sa0 (as confirmed by measurement) and Sv ϭ Sv0: Sa and Sv do not change during transients. Substitution of Sv for Sv0 and use of Eq. 1 in the form Qv ϭ Qa Ϫ (dTHb/dt) as well as substitution for Qv in Eq. 4 yields the following:
Use of Eq. 1 in the form Q v ϭ Qa Ϫ (dTHb/dt) and substitution for Qa and for Sv0 in Eq. 4 yields the following:
To estimate S v, we used a brief partial right jugular venous occlusion (4, 38), a form of venous occlusion plethysmography, only during baseline conditions. S v was assumed constant and used for all subsequent calculations. As shown in Fig. 2 , this generated transient increases in THb and HbO 2. Venous occlusion plethysmography assumes that Qa does not change early during occlusion and thus ⌬Qa ϭ 0. Therefore, during early occlusion, Eq. 5 reduces to the following:
Recent experimental evidence indicates that the ratio of the initial slopes of each curve gives the closest estimate of cerebral Sv (37) . Therefore, we obtained slopes, as shown in Fig. 2 , using linear least-squares analysis and singular value decomposition (27) . Neck compressions were performed in triplicate, and the results for S v were averaged for each subject. After subjects recovered from the compressions, SNP and PE boluses were given in sequence.
Rearranging Eq. 5 and solving for ⌬Q a yields the following:
while rearranging Eq. 6 and solving for ⌬Q v yields the following:
Derivatives of HbO 2 and THb curves. NIRS data were smoothed to remove beat-to-beat fluctuations. We used wavelet smoothing followed by a first derivative calculation using Savitzky-Golay polynomial filtering to compute the derivatives (27) . A Dabauchies least asymmetric (LA12) mother (generating) wavelet function was used (3). The mother wavelet generated a dyadic orthonormal basis, where each term represents a doubling of scale. This provides a unique decomposition of each biological signal into subbands of wavelet coefficients, each representing the contribution of the scaled and translated wavelet function at the given scale. We used an extended version of the discrete wavelet transform to produce a "maximal overlap discrete wavelet transformation" (25) . The maximal overlap discrete wavelet transformation fills all time points at each scale, allows precise alignment of the signal and its wavelets, allows for any sample size (not just a power of 2), and has zero phase-shifted "details" (representing each scale's contribution to the original signal as a function of time). Zero phaseshifted "smoothes" (representing averages over all scales larger than the scales of interest as a function of time) were found. Using this approach, we extracted a smooth corresponding to averages performed at a time scale of ϳ10 s (0.1 Hz). Representative fitted THb and HbO 2 responses to SNP and PE are shown in Fig. 3 .
Statistics
We sampled the data at 200 Hz, stored the digital data on a computer hard drive, and analyzed data offline. Because there were no discernible differences between the data from men and women, data from both groups were combined for analysis. For the modified Oxford maneuver, measurements of arterial pressure, heart rate, CBFv, changes in Hb, HbO 2, and THb via NIRS, and NIRS-estimated changes in Qa and Qv (i.e., ⌬Qa and ⌬Qv) were tabulated before SNP, at the peak effect of SNP, and at the peak effect of PE and analyzed by one-way ANOVA. Representative results are shown in Figs. 1-4. Additional graphical results are shown in Figs. 5 and 6 showing averages over all subjects (n ϭ 12) Ϯ SE for THb, HbO 2, ⌬Qa, ⌬Qv, and ⌬CBFv at baseline and throughout the administration of bolus drugs. These complement data shown in Table 1 but were not used in statistical comparisons.
When appropriate, post hoc comparisons were performed using Tukey's test. Differences were considered significant when P Ͻ 0.05. All values are reported as means Ϯ SD. Results were calculated using SPSS software (version 11.5).
RESULTS
Hemodynamic Responses to Bolus SNP Followed by Bolus PE
Results are shown in Table 1 . Heart rate increased significantly after SNP and decreased significantly after PE (P Ͻ 0.001). BP (mean, SBP, and DBP) decreased significantly (P Ͻ 0.001) after SNP and increased after PE (P Ͻ 0.001). Respi- Values are mean Ϯ SE. SNP, sodium nitroprusside; PE, phenylephrine; CBFv, cerebral blood flow velocity in the middle cerebral artery. NIRS flow and oxyhemoglobin and deoxyhemoglobin differences were set to zero before the Oxford recordings. Venous O2 saturation was assumed constant during the modified Oxford manuever, and therefore values during SNP and PE were estimated. *P Ͻ 0.05 compared with SNP; †P Ͻ 0.05 compared with before the Oxford maneuver. ratory rate was unaffected, although end-tidal CO 2 was increased after PE compared with SNP (P Ͻ 0.05).
S v
S v remained within a narrow range, 0.64 Ϯ .02, for subjects at baseline. S v was assumed to remain constant during the modified Oxford maneuver.
CBFv and NIRS Responses to Bolus SNP Followed by Bolus PE
Methods were used to calculate changes in THb, HbO 2 , Q a , and Q v (i.e., ⌬THb, ⌬HbO 2 , ⌬Q a , and ⌬Q v ) during the Oxford maneuver while absolute values of CBFv were obtained by TCD. These calculated values are shown in Table 1 and are shown for a representative subject in Fig. 4 .
Absolute values for CBFv for each subject were converted to relative changes (⌬CBFv) by subtracting the mean baseline value for CBFv of each subject tracing. ⌬CBFv was used for graphical comparison with ⌬THb, ⌬HbO 2 , ⌬Q a , and ⌬Q v during the time course of the Oxford maneuver, as shown in Fig. 5 . THb and HbO 2 increased during SNP (P Ͻ 0.0001), decreased with PE to values below baseline (P Ͻ 0.001), and subsequently recovered to baseline. ⌬Q a was positive, and therefore Q a increased compared with baseline (P Ͻ 0.0001) during the upswing of THb; ⌬Q a was negative, and therefore Q a decreased compared with baseline (P Ͻ 0.001) during the downswing of THb. ⌬Q v was negative, and therefore Q v decreased compared with baseline during the upswing of THb (P Ͻ 0.001); ⌬Q v was positive, and therefore Q v increased compared with baseline (P Ͻ 0.01) during the downswing of THb with PE and thereafter returned to baseline. ⌬CBFv decreased during the upswing of THb (P Ͻ 0.001), increased after PE (P Ͻ 0.001), and followed a prolonged course to return to baseline. Changes in CBFv were therefore directionally opposite to changes in Q a and directionally similar to changes in Q v . The absolute values of the maximum changes in Q a were always much larger than the absolute values of maximum changes in Q v for every subject.
Consistency of Q a and Q v Formulation With Fitted Data
Since Q a0 ϭ Q v0 , the difference between ⌬Q a and ⌬Q v is equal to the difference between Q a and Q v . Q a Ϫ Q v ϭ ⌬Q a Ϫ ⌬Q v is shown as an average over all subjects in Fig. 6 . An averaged fit to THb is also shown. The maximum and minimum of Q a Ϫ Q v corresponded to inflection points of THb, and the zero crossing of Q a Ϫ Q v corresponded to the maximum of THb, as required for consistency with Eq. 1.
Approximate Calculation of the Change in Conduit Vessel Diameter
For heuristic purposes, we calculated an estimate of the change in MCA radius (r) required to account for our CBFv and NIRS findings. This requires further assumptions about total cerebral blood volume and is therefore speculative.
Consistent with the ability of our NIRS equipment to measure only changes in Hb and HbO 2 , only changes in Q a and Q v could be estimated; an absolute value for Q a could not be calculated.
The increase in THb due to SNP lasts ϳ1 min. The increase in THb above baseline due to an increase in Q a is equal to the area under the ⌬Q a curve from baseline (0) to peak THb, an increase of ϳ14 mol/kg. Thus, 
where t is the time of peak THb (t ϭ 1 min). Each integral is a time average over that minute, as follows: Taking the square root, r new /r ϭ 1.14 indicates that a 14% increase in r accounts for our findings.
DISCUSSION
We are the first to show that NIRS measured Q a increases with SNP, whereas NIRS measured Q v decreases with SNP. Also, Q a decreases, whereas Q v increases, with PE. Combined with MCA CBFv data, our results indicate dilation of the MCA during bolus SNP injection and constriction of the MCA during bolus PE injection. A NO donor dilates cerebral conduit arteries. The data are also consistent with venous dilation during SNP and venous constriction during PE: during SNP, NO reduces venous tone, resulting in venous pooling and reduced Q v , and during PE, ␣ 1 -adrenergic stimulation increases venous tone, resulting in reduced venous pooling and expulsion of venous blood from the vasculature, thus increasing Q v . BP is decreased by SNP, whereas ⌬Q a is increased, and BP is increased by PE, whereas ⌬Q a is decreased: this indicates direct effects of SNP and phenyl on the cerebral vasculature since changes in BP and flow were directionally opposite.
Using equations that express the conservation of mass and continuity principles applied to HbO 2 , Hb, and THb and using previously validated assumptions of constant S v and CMRO 2 during bolus SNP and PE administration, we derived equations (Eqs. 7 and 8) to calculate ⌬Qa and ⌬Qv for a sample volume illuminated by NIRS. The continuous-wave spatially resolved near-infrared spectrometer as used here cannot be used to compute absolute sample volume blood flows. However, Eqs. 7 and 8 show that NIRS can be used to compute changes in flow, which depend only on the value of cerebral S v obtained from partial venous occlusion plethysmography (4, 38) . Computation based entirely on conservation of mass-continuity principles suffices to clearly demonstrate increased Q a (⌬Q a Ͼ 0) and smaller decreased Q v (⌬Q v Ͻ 0) during the period of increasing THb and HbO 2 after SNP administration and decreased Q a (⌬Q a Ͻ 0) and a smaller increased Q v (⌬Q v Ͼ 0) during the period of decreasing THb and HbO 2 after PE administration. Thus, referring to Eq. 1, the increase in THb, previously unexplained by TCD methods, is entirely accounted for by a larger increase in Q a and a smaller decrease in Q v . The same time course and same directional changes of Q a and Q v were consistently found across all subjects.
Increased NIRS Inflow Means Increased Conduit Artery Blood Flow
Q a and Q v represent inflow into and outflow from an illuminated sample volume. The sample volume contains brain parenchyma and microvessels in continuity with pial arteries and with larger conduit arteries, such as the MCA. Assuming blood is incompressible, then by fluid continuity (conservation of mass), inflow into the sample volume must reach the microvasculature by way of the conduit arteries and, conversely, outflow must exit the sample volume through venous drainage. Assuming no extravasation during the course of the modified Oxford maneuver, the results indicate increased MCA blood flow after SNP followed by decreased MCA blood flow and a return to baseline after PE.
Some investigators might propose that the increase in THb and HbO 2 represents a change in (mostly) venous blood volume. This could be true. However, from the standpoint of conservation of mass (blood or hemoglobin), it does not matter whether increased delivery of blood within the sampling volume is contained in arteries or veins provided that it remains within the illuminated volume. Blood comprises a small volume fraction of the cerebral cortex, on the order of 4% (14, 18) . Therefore, a change in blood volume of 10% will only change brain volume by at most 0.4%, negligibly affecting the size of the illuminated volume. From these arguments, we conclude Table 1 . Bottom: differences in NIRS-calculated inflow and outflow (Qa Ϫ Qv) of the illuminated sample volume, which should equal dTHb/dt. We used lines in the bottom graph to indicate the maximum of Qa Ϫ Qv, which correspond to the first inflection point of THb; the zero crossing of Qa Ϫ Qv, which corresponds to the maximum of THb; and minimum of Qa Ϫ Qv, which corresponds to the second inflection point of THb.
that a transient increase in inflow (⌬Qa Ͼ 0) signifies a transient increase in conduit inflow into the sample volume. The total amount of HbO 2 within the sample volume of cerebral tissue increases with SNP in large part because of an increase in Q a , as shown in Fig. 5 .
Increased MCA Blood Flow and Decreased Conduit Artery Blood Flow Velocity Implies Dilation of the MCA
The sample volume of NIRS illumination corresponds to the area of perfusion of the MCA (32) . If molar Q a increases for the illuminated sample volume, and the sample volume corresponds to the perfusion zone for the MCA, it follows that despite a decrease in blood flow velocity (i.e., CBFv), blood flow increases in the MCA. Assuming uniform CBFv and uniform Area along the MCA and assuming that the maximum velocity profile measured by TCD is proportionate to the average velocity profile (19) , then ⌬Q a Ͼ 0 implies that ⌬MCA flow ϭ ⌬(CBFv ϫ Area) Ͼ 0. Thus, Area ϫ ⌬CBFv ϩ CBFv ϫ ⌬Area Ͼ 0 or ⌬Area Ͼ Ϫ(Area ϫ⌬CBFv)/CBFv, which is greater than zero because ⌬CBFv is negative.
Therefore, Area increases along with r. The constancy of MCA diameter was an early assumption made in the development of TCD as a measure of CBF. While that constancy may apply under certain conditions (e.g., during lower body negative pressure), it cannot be assumed to apply under all conditions.
Comparison With the Literature
Our data agree with prior findings in which CBFv decreased during SNP and increased during PE (20) . In this previous study (10) , cerebral oxidation measured by NIRS increased during SNP infusion and was inversely related to CBFv, which was deemed "an unexpected finding" of that investigation because prior studies (13, 39) had indicated either unchanged or decreased CBF when Doppler methods were used to estimate MCA blood flow.
Exogenous SNP dilates cerebral arteries of all sizes, including the MCA, as verified in experimental animals, including primates and humans (23, 30, 35) . Combined conduit vessel, pial artery, and penetrating artery dilation is consistent with hypotheses of a contribution of NO to cerebral vasodilation at the intrinsic (small artery) and extrinsic (large artery) level (2, 7, 23, 33) . Other experiments offer a contrasting viewpoint: for example, Joshi et al. (15) administered SNP to humans via an intracarotid route and found no changes in CBF in normal subjects using the 133 Xe method. However, to maintain BP, those investigators coadministered PE, which reduces CBF, consistent with our findings.
Other experiments have indicated a lack of effect of NO on CBFv measured in the MCA by TCD using systemic NO synthase inhibition. However, as we have shown, changes in Q a and CBFv can be directionally opposite and be consistent with vascular dilation from NO donors. This is evidenced by another study (35) using the nonspecific NO synthase inhibitor N-monomethyl-L-arginine and PET scanning, which showed a definitive decrease in CBF under similar experimental conditions, implying dilation by NO. Still another study (36) has shown that the MCA can dilate by up to 76% in response to high altitude. The regulation of CBF by conduit arteries is a long-known property of mammalian species (11).
Limitations
Our observations are limited by the use of indirect methods to estimate changes in CBF. However, our calculations are based on fundamental principles of conservation of mass and flow continuity, and our observations are supported by the literature in which investigators measured CBF as well as blood flow velocity. Our experimental arrangement and the rapid changes in CBFv and NIRS during bolus drug administration precluded the use of functional MRI. Direct measurement using functional MRI or other imaging modalities would indeed help to further validate the findings. Supportive findings using other imaging techniques have verified large cerebral vessel dilation with SNP (23, 30, 35) .
Another problem is the use of derivative approximations. However, wavelet preprocessing and Savitzky-Golay polynomial filtering produce accurate fits and yield a smooth denoised signal that preserved major maxima and minima for each subject we investigated.
We assumed a uniform, cylindrical MCA with correlated changes in mean velocity and peak velocities. Uniformity of cylindrical Area and proportionality of mean and peak velocity profiles may not strictly apply but often works as a serviceable approximation in similar experiments. These assumptions underlie most studies using TCD to measure CBFv in conduit vessels.
We also assumed that the MCA perfused the sample volume of NIRS illumination. Alternatively, our assumptions would apply provided that other conduit arteries that might contribute to the perfusion of the sample volume are equivalently affected by SNP and PE.
As performed, our experiments are unable to determine which effects derive from a change of BP and which are direct effects of SNP and PE upon cerebral vessels. This can be clearly demonstrated in the equations where the fractional change in THb comprises contributions from ⌬CBFv and from ⌬Area.
Finally, we assumed constancy of CMRO 2 and S v during the modified Oxford maneuver. Under our experimental conditions, these are reasonable assumptions (1, 8) .
Perspectives
Our data agree with previous findings of changing CBFv during bolus SNP-and PE-induced BP changes. Prior work deemed directionally opposite changes in HbO 2 and THb "an unexpected finding." The prior work suggested that these changes indicate a finite slope of cerebral autoregulation and that therefore a "paradigm shift in the concept of (autoregulation) might be required." We found instead that pharmacologically induced BP changes cannot provide reliable stimuli to assess cerebral autoregulation using TCD CBFv alone.
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